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ABSTRACT
The characterization of fragrant chemical composition of commercial samples of lavender, violet
and bergamot essential oil were analyzed using gas chromatography-mass spectrometry (GC-MS)
techniques. The analysis led to the characterization of a total of 28 compounds for lavender oil, 17
compounds for violet oil, and 11 compounds for bergamot oil. The commercial sample of lavender
essential oil has shown to be abundant in linalool, (21.40%), linalyl acetate (18.96%), trans-βocimene (7.41%), endo-borneol (6.53%), β-ocimene (6.43%), geranyl acetate (6.15%), β-myrcene
(5.88%), terpinen-4-ol (5.70%) and cis-β-farnesene (4.40%). For commercial sample of violet
essential oil, the major components in abundant were α-longipinene (37.35%), α-ionone (16.52%),
trans-β-ionone (12.87%), α-terpineol (6.38%), benzyl acetate (5.94%), α-isomethyl ionone
(5.00%), and benzylcarbamate (4.00%). For commercial sample of bergamot essential oil, dlimonene (36.03%) triacetin (28.09%), linalyl acetate (14.38%), linalool (7.36%), α-pinene
(7.17%), and β-pinene (5.16%) were observed to be in abundant. The results obtained in this study
were compared with the data in the literature. This study shows that these essential oils of lavender
and bergamot contain most of the major components, but with different percentage ratio. The
components of violet essential oil are different from the literature.
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I. INTRODUCTION
Essential oils are complex mixture which are usually presents in very small amount and may
contain more than 300 different compounds. Essential oils are obtained by extraction, which is the
process of exploring the quality of chemical components of essential oil from different aromatic
species. Different techniques have been carried out to extract essential oil. Some of the applied
techniques of essential oils are hydro-distillation, steam distillation, microwave-assisted
distillation, solvent extraction, cold pressing and supercritical fluid extraction1. Although essential
oils are produced by different methods, but most are produced by steam distillation. Essential oils
are products derived from various part of the plants. Hydrocarbons, esters, alcohols, ketones,
aldehydes, and phenols are some of the major components obtained from essential oil2. The smell
of essential oil comes from the volatile substances contained which gives the characteristic scents
of plants, flowers, seeds, fruits and bark of tree3. Essential oil arises from plants secondary
metabolism which are responsible for their characteristic aroma. Chemical constituents of essential
oils are mixture of volatile compounds, constituted by oxygenated terpenes, terpenoid
hydrocarbons and sesquiterpenes4. The application of essential oil can be found in fine fragrances,
cosmetics industries, decorative cosmetics and favoring in food industry.
II. EXPERIMENTAL
1. Analytical Solutions
Analytical solutions of three (3) essential oils were prepared in cyclohexane solvent and their
solutions are shown in Table 1.
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Table 1: Solution of essential oils
#

Essential oil

Concentration (vol/vol)

1

Lavender

2.22 µL lavender oil/mL cyclohexane

2

violet

1.11 µL violet oil/mL cyclohexane

3

bergamot

1.11 µL bergamot oil/mL cyclohexane

1. Analytical Solutions:
The following solution (vol/vol) were made:
1. Lavender oil solution in cyclohexane (2.22 µL lavender oil/mL cyclohexane)
Procedure:
0.1 mL of commercial lavender oil was diluted with 3 mL of cyclohexane (Solution A). 0.2 mL of
Solution A was further diluted with 3 mL of cyclohexane (solution B), which was injected in GC
for analysis. The concentration of this solution was 2.22 µL lavender oil/mL cyclohexane as shown by
the calculations below.

Calculation for concentration
0.1 mL lavender oil 0.2 mL 0.02 mL lavender oil
×
=
3 mL cyclohexane
3 mL
9 mL cyclohexane

= 0.00222 mL lavender oil/mL cyclohexane
0.00222 mL lavender oil 1000 mL
µL lavender oil
×
= 2.22
1 mL cyclohexane
1 mL
mL cyclohexane
= 2.22 µL lavender oil/mL cyclohexane
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2. Violet oil solution in cyclohexane (1.11 µL violet oil/mL cyclohexane)
Procedure:
0.1 mL of commercial violet oil was diluted with 3 mL of cyclohexane (Solution A). 0.1 mL of
Solution A was further diluted with 3 mL of cyclohexane (solution B) was used for GC-MS
analysis.
Calculation for concentration
0.1 mL violet oil
0.1 mL 0.01 mL violet oil
×
=
3 mL cyclohexane
3 mL
9 mL cyclohexane

= 0.00111 mL violet oil/mL cyclohexane
0.00111 mL violet oil 1000 mL
µL violet oil
×
= 1.11
1 mL cyclohexane
1 mL
mL cyclohexane
= 1.11 µL violet oil/mL cyclohexane

3. Bergamot oil solution in Cyclohexane (1.11 µL bergamot oil/mL cyclohexane).
Procedure:
0.1 mL of commercial lavender oil was diluted with 3 mL of cyclohexane solution (Solution A),
0.1 mL of Solution A was further diluted with 3 mL of cyclohexane (solution B) was used for GCMS analysis.
Calculation for concentration
0.1 mL bergamot oil 0.1 mL 0.01 mL bergamot oil
×
=
3 mL cyclohexane
3 mL
9 mL cyclohexane

= 0.00111 mL bergamot oil/mL cyclohexane

3

0.00111 mL bergamot oil 1000 mL
µL bergamot oil
×
= 1.11
1 mL cyclohexane
1 mL
mL cyclohexane
= 1.11 µL bergamot oil/mL cyclohexane

2. Standard Solutions
Standard compounds were prepared in cyclohexane solvent and their solutions are shown in Table
2.
Table 2: Solution of standard compounds
#

Compound

Concentration (vol/vol)

1

α-pinene

0.074 µL α-Pinene /mL cyclohexane

2

p-cymene

0.037 µL p-cymene /mL cyclohexane

3

β-ocimene

0.037 µL β-ocimene /mL cyclohexane

4

benzyl alcohol

0.037 µL benzyl alcohol /mL cyclohexane

5

limonene

0.037 µL limonene /mL cyclohexane

6

linalool

0.037 µL linalool /mL cyclohexane

7

diethyl phthalate

0.037 µL diethyl phthalate /mL cyclohexane

8

linalyl acetate

0.037 µL linalyl acetate /mL cyclohexane

1. α-pinene solution in cyclohexane (0.037 µL α-pinene/mL cyclohexane).
Procedure:
0.1 mL of commercial α-pinene was diluted with 3 mL of cyclohexane (Solution A). 0.2 mL of
Solution A was diluted with 3 mL of cyclohexane (solution B). 0.1 mL of Solution B was further
diluted with 3 mL of cyclohexane (solution C) was used for GC-MS analysis. B
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Calculation for concentration
0.1 mL α − pinene 0.2 mL 0.1 mL 0.002 mL α − pinene
×
×
=
3 mL cyclohexane
3 mL
3 mL
27 mL cyclohexane

= 0.000074 mL α-pinene /mL cyclohexane
0.000074 mL α − pinene
1 mL cyclohexane

×

1000 mL
µL α − pinene
= 0.111
1 mL
mL cyclohexane

= 0.074 µL α-Pinene /mL cyclohexane

The following solution of standard compounds were also made with same procedure used for αpinene. The calculation for concentration is not shown
2. p-cymene solution in cyclohexane (0.037 µL p-cymene /mL cyclohexane).
Procedure:
0.1 mL of commercial p-cymene was diluted with 3 mL of cyclohexane (Solution A). 0.1 mL of
Solution A was diluted with 3 mL of cyclohexane (solution B). 0.1 mL of Solution B was further
diluted with 3 mL of cyclohexane (solution C) was used for GC-MS analysis.
3. β-ocimene solution in cyclohexane (0.037 µL β-ocimene /mL cyclohexane).
Procedure:
0.1 mL of commercial β-ocimene was diluted with 3 mL of cyclohexane (Solution A). 0.1 mL of
Solution A was diluted with 3 mL of cyclohexane (solution B). 0.1 mL of Solution B was further
diluted with 3 mL of cyclohexane (solution C) was used for GC-MS analysis.
4. benzyl alcohol solution in cyclohexane (0.037 µL benzyl alcohol /mL cyclohexane)
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Procedure:
0.1 mL of commercial benzyl alcohol was diluted with 3 mL of cyclohexane (Solution A). 0.1 mL
of Solution A was diluted with 3 mL of cyclohexane (solution B). 0.1 mL of Solution B was further
diluted with 3 mL of cyclohexane (solution C) was used for GC-MS analysis.
5. limonene solution in cyclohexane (0.037 µL benzyl alcohol /mL cyclohexane)
Procedure:
0.1 mL of commercial limonene was diluted with 3 mL of cyclohexane (Solution A). 0.1 mL of
Solution A was diluted with 3 mL of cyclohexane (solution B). 0.1 mL of Solution B was further
diluted with 3 mL of cyclohexane (solution C) was used for GC-MS analysis.
6. linalool solution in cyclohexane (0.037 µL linalool /mL cyclohexane)
Procedure:
0.1 mL of commercial linalool was diluted with 3 mL of cyclohexane (Solution A). 0.1 mL of
Solution A was diluted with 3 mL of cyclohexane (solution B). 0.1 mL of Solution B was further
diluted with 3 mL of cyclohexane (solution C) was used for GC-MS analysis.
7. diethyl phthalate in cyclohexane (0.037 µL diethyl phthalate /mL cyclohexane)
Procedure:
0.1 mL of commercial diethyl phthalate was diluted with 3 mL of cyclohexane (Solution A). 0.1
mL of Solution A was diluted with 3 mL of cyclohexane (solution B). 0.1 mL of Solution B was
further diluted with 3 mL of cyclohexane (solution C) was used for GC-MS analysis.
8. linalyl acetate solution in cyclohexane (0.037 µL linalyl acetate /mL cyclohexane)
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Procedure:
0.1 mL of commercial linalyl acetate was diluted with 3 mL of cyclohexane (Solution A). 0.1 mL
of Solution A was diluted with 3 mL of cyclohexane (solution B). 0.1 mL of Solution B was further
diluted with 3 mL of cyclohexane (solution C) was used for GC-MS analysis.
3. GC-MS conditions and parameter
GC-MS: Agilent 7890 B GC system; Agilent 5977 MS
Column: HP-5MS 5% Phenylmethyl SILOX, 30 m × 250 µm × 0.25 µm Capillary Column
a. GC parameters for the method used in the project
1. Flow rate: 1.0 mL/min
2. Injector Volume: 1 µL
3. Pre-wash, solvent - methanol
4. Sample wash – 2
5. Sample Pump – 5
6. Inlet: Heater 250 °C
7. Oven: Initial Rate -; Temp: 50 °C, Hold 0.5 min
8. Ramp: Rate: 10 °C/min, Temp: 250 °C; Hold: 5 min
b. MS parameters for the method used in the project
1. Solvent Delay: 1.0 min
2. MS Source Temp: 230 °C
3. MS Quad Temp: 150 °C
4. Start Mass: 15
7

5. End Mass: 500
c. Procedure:
1. Start the GC-MS Agilent 5977.
2. Set the Column GC parameters as indicated above in the GC parameter settings.
3. Set the MS parameters as indicated above in the MS parameter settings.
4. Load the method, which was created for this project:
computer > drive (data) D: > mass hunter > GC-MS > 2 > method > Kumar > 18faPC.m
5. Check the data file # so that the new data file # to be assigned in the next step.
computer > drive (data) D: > mass hunter > GC-MS > 2 > data > KumarData2018
6. Load sequence:
computer > drive (data) D: > mass hunter > GC-MS > 2 > sequence > KumarSequence >
Kumar2018faPC2018-09-10.sequence.xml
7. Put vial in position number 1 on the tray of auto-injector, and cleaning solvent (methanol) in
position A and B.
8. Run sequence to start to run the GC.
d. Analysis of gas chromatogram
1. MS detection
2. Identified by NIST program
3. Comparing retention time with retention time of standard compounds
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III. RESULTS
1. Lavender essential oil
Lavender solution in cyclohexane (2.22 µL lavender oil/mL cyclohexane) was injected, its
chromatogram was obtained, which is shown below in Figure 1.

Figure 1: Chromatogram of lavender essential oil
The area of cyclohexane in Table 3 is not included because it is a solvent with a large peak and
its retention time is from 1.6 minutes to 3.3 minutes.
Table 3 shows the compound structures predicted by NIST (National Institute of Standards and
technology) for the peaks of gas chromatogram shown in Figure 1. This table also shows
retention time of relative area, and relative percent area of the peaks.
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Table 3: Retention time in GC and relative area of GC peaks of lavender essential oil.
Peak
#

Compound

9

Structures

Area

Relative
Area %

α-Pinene

Probability RT
from NIST (min.)
database
%
7.11
4.637

684868.1

0.29

10

β-Pinene

5.52

5.252

185447.76

0.08

11

β-Myrcene

19.1

5.392

13718559.65 5.88

12

Hexyl acetate

57.0

5.726

978057.6

13

Hexyl acetate

39.1

5.791

1151734.1

0.42

0.50
14

p-Cymene

13.0

5.921

1275411.91

0.55

15

Eucalyptol

82.6

6.007

4084567.9

1.75

16

trans-β-Ocimene

14.6

6.061

17285497.71 7.41

17

β-Ocimene

18.6

6.223

15011753.7

10

6.43

18

3-Carene

18.8

6.417

1340090.25

19

Linalool

76.7

7.075

49948133.21 21.40

20 a

1-Octen-3-ylacetate

69.0

7.151

4352147.4

1.87

20 b

1-Octen-1-ol,
acetate

27.3

21 a

3-Octanol,
acetate

7.95

7.334

1318776.22

0.57

22

2,4,6-Octatriene,
2,6-dimethyl

16.0

7.442

3508852.47

1.50

23

endo-Borneol

44.6

8.025

15247984.03 6.53

24

Terpinen-4-ol

23.0

8.197

13303290.34 5.70

11

0.57

25

α-Terpineol

38.2

8.381

3505283.16

1.50

26 a

Isopulegol

7.46

9.017

52144.47

0.02

26 b

Geranyl vinyl
ether

5.72

27

Linalyl acetate

15.3

9.309

44242989.37 18.96

28

Linalyl acetate

10.9

9.406

581616.08

0.25

29

Geranyl acetate

10.0

9.729

14353599.7

6.15

30

Geranyl acetate

21.9

10.754 1289535.98

0.55

31

Geranyl acetate

16.9

10.83

1156289.81

0.50

32 a

Geranyl acetate

55.2

11.003 5452285.13

2.34

32 b

R-lavandulyl

9.69

12

33

Caryophyllene

29.7

11.628 6965792.5

2.99

34

trans-αBergamotene

7.72

11.758 293302.31

0.13

35

cis-β-Farnesene

34.1

11.974 10275055.56 4.40

36

β-Copaene

4.72

12.405 1445458.39

0.62

37

ϒ-Muurolene

4.02

12.794 338256.08

0.15

38

Caryophyllene

69.6

13.678 25503.98

0.01

39

tau-Cadinol

18.9

14.326 20175.6

0.01

13

2. Violet essential oil
Violet solution in cyclohexane (1.11 µL violet oil/mL cyclohexane) was injected, its chromatogram
was obtained which is shown in figure 2.

Figure 2: Chromatogram of violet essential oil
The area of cyclohexane in Table 4 is not included because it is a solvent with a large peak and
its retention time is from 1.6 minutes to 3.3 minutes.
Table 4 shows the compound structures predicted by NIST (National Institute of Standards and
technology) for the peaks of gas chromatogram shown in Figure 2. This table also shows
retention time of relative area, and relative percent area of the peaks.
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Table 4: Retention time in GC and relative area of GC peaks of violet essential oil.
Peak
#

Compound

Probability
from NIST
database

RT

Area

Relative
Area %

9

Benzyl
alcohol

50.5

6.816

274000.1

0.17

10

Linalool

73.0

6.986

2843692.46

0.17

11

trans-βTerpinylbenzoate

13.9

7.108

1229406.45

0.78

12

Methyl
benzoate

19.7

7.323

598168.84

0.38

13

Phenylethyl
alcohol

67.5

7.485

3029632.34

1.93

14

Phenylethyl
alcohol

19.2

7.626

546194.92

0.35

15

Benzyl
acetate

85.4

7.96

9329221.58

5.94

Structures

15

16

Benzylcarbamate

4.40

8.057

6281250.27

4.00

17

α-Terpineol

70.7

8.370

10023412.6

6.38

18

α-Terpineol

9.70

8.467

2504179.39

1.60

19

Myrtenyl
acetate

5.40

8.683

107719.6

0.07

20

Linalyl
acetate

17.0

9.244

1242801.11

0.79

21

7-Hydroxy3,7dimethylocta
nal

85.3

9.708

2978940.3

1.90

22

α-Ionone

61.2

11.672

25935191.1

16.52

9
23

α-Isomethyl
ionone

76.5

12.319

7835618.76

4.99

24

trans-βIonone

39.0

12.405

20206665.5

12.87

16

25

aLongipinene

16.0

12.643

58655617.4

37.35

26

a-Isomethyl
ionone

1.52

12.805

938524.74

0.60

27

*Diethyl
phthalate

86.5

13.722

34598370.5

17.85

28

*Diethyl
phthalate

53.8

13.916

2225645.97

1.19

29

Musk
ambrette

97.5

16.441

2465822.58

1.57

*Area of diethyl phthalate (DEP) is not included for % area of compounds because DEP is used
as an additive in essential oil5.
3. Bergamot essential oil
Bergamot solution in cyclohexane (1.11 µL bergamot oil/mL cyclohexane) was injected, its
chromatogram was obtained, which is shown below in figure 3.
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Figure 3: Chromatogram of bergamot essential oil
The area of cyclohexane in Table 5 is not included because it is a solvent with a large peak and
its retention time is from 1.6 minutes to 3.3 minutes.
Table 5 shows the compound structures predicted by NIST (National Institute of Standards and
technology) for the peaks of gas chromatogram shown in Figure 3. This table also shows
retention time of relative area, and relative percent area of the peaks.
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Table 5: Retention time in GC and relative area of GC peaks of bergamot essential oil.

9

α-Pinene

Probability
from NIST
database
10.4

10

β-Pinene

22.7

5.230

5828863.12

5.16

11

β-Myrcene

23.3

5.424

1584708.77

1.40

12

d-Limonene

43.7

6.007

40730587.3

36.03

Peak

Compound

#

Structure

RT

Area

Relative

4.637

8106965.52

7.17

Area %

1

13

transLinalool
oxide
(furanoid)

24.2

6.881

59991.43

0.05

14

Linalool

79.1

6.978

8315928.59

7.36

15

cisLimonene
oxide

39.0

7.518

108567.58

0.10

19

16

α-Terpineol

44.7

8.392

160727.75

0.14

17

Linalyl
acetate

18.8

9.233

16254453.1

14.39

18

Triacetin

41.4

10.528

31759148.7

28.10

19

trans-pMentha-2,8dienol

2.38

11.262

127236.26

0.11

4. SOLUTIONS OF STANDARD COMPOUNDS
Solution of several components identified in Table 3, 4, and 5 were made and injected in the GC
for further confirmation of identity of peaks from the essential oils by comparison of retention time
of peaks of components of essential oil and peak of standard compounds. The three (3) essential
oils contain a large number of compounds, as shown by the GC-MS results. Only a few solutions
of standard compounds were made based on availability and their importance in the
chromatogram.
Table 6 shown the solution of standard compound with the retention time and retention time of
essential oil.
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Table 6: Retention time in GC of standard compounds and essential oil
Compound

R.T. of essential oil (min.)

α-pinene

R.T. of standard compounds
(min.)
4.602

p-cymene

5.888

5.921

β-ocimene

6.212

6.223

benzyl alcohol

6.061

6.816

limonene

5.984

6.007

linalool

7.000

7.075

diethyl phthalate

13.678

13.722

linalyl acetate

9.233

9.309

4.637

Figures 4–10 show chromatograms of solution of standard compounds.
1. α-Pinene
α-pinene solution in cyclohexane (0.074 µL α-pinene /mL cyclohexane) was injected, its
chromatogram was obtained.
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Figure 4: Chromatogram of α-pinene
2. p-Cymene solution in cyclohexane (0.037 µL p-cymene /mL cyclohexane) was injected, its
chromatogram was obtained.

Figure 5: Chromatogram of p-cymene
3. β-Ocimene
β-ocimene solution in cyclohexane (0.037 µL β-ocimene /mL cyclohexane) was injected, its
chromatogram was obtained.
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Figure 6: Chromatogram of β-ocimene
4. Benzyl alcohol
benzyl alcohol solution in cyclohexane (0.037 µL benzyl alcohol /mL cyclohexane) was injected,
its chromatogram was obtained.

Figure 7: Chromatogram of benzyl alcohol
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5. Limonene
limonene solution in cyclohexane (0.037 µL limonene /mL cyclohexane) was injected, its
chromatogram was obtained.

Figure 8: Chromatogram of limonene
6. Linalool
linalool solution in cyclohexane (0.037 µL linalool /mL cyclohexane) was injected, its
chromatogram was obtained.
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Figure 9: Chromatogram of linalool

7. Diethyl phthalate
diethyl phthalate solution in cyclohexane (0.037 µL diethyl phthalate /mL cyclohexane) was
injected, its chromatogram was obtained.

Figure 10: Chromatogram of diethyl phthalate
25

8. Linalyl acetate
linalyl acetate solution in cyclohexane (0.037 µL linalyl acetate /mL cyclohexane) was injected, its
chromatogram was obtained.

Figure 11: Chromatogram of linalyl acetate
IV. DISCUSSION
1. LAVENDER ESSENTIAL OIL
The characterization of fragrant chemical composition of lavender essential oil was accomplished
by GC-MS, NIST data and comparison of retention time of few standard compounds. For the
analysis of commercial lavender essential oil, 28 components were identified by NIST. The major
components were linalool, (21.40%), linalyl acetate (18.96%), trans-β-ocimene (7.41%), endoborneol (6.53%), β-ocimene (6.43%), geranyl acetate (6.15%), β-myrcene (5.88%), terpinen-4-ol
(5.70%) cis-β-farnesene (4.40%).
Other minor components were caryophyllene (2.991%), geranyl acetate, and R-lavandulyl
(2.34%), 1-octen-3-yl-acetate (1.86%), 2,4,6-octatriene, 2,6-dimethyl- (1.50%), and α-terpineol
(1.50%), β-copaene (0.62%), 3-carene (0.57%), 3-octanol, acetate (0.57%), p-cymene (0.55%),
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acetic acid, hexyl ester (0.42%), α-pinene (0.29), linalyl acetate (0.25%), ϒ-muurolene (0.15%),
trans-a-bergamolene (0.13%), isopulegol and geranyl vinyl ether (0.02%), caryophyllene oxide
(0.01%), tau.cadinol (0.01%). Most lavender essential oil is characterized by high levels of
linalool, and linalyl acetate, moderate in levels of lavandulyl acetate, terpinen-4-ol and lavandulol6.
According to the ISO 8902:2009, lavandin essential oil contains linalool (24–35%), linalyl acetate
(28–38%) and camphor (6–8%)7.
Table 7 shows the major components of lavender essential oil with the percentage ratio found in
literatures.
Table 7: Lavender essential oil major components
Component

This study (%)

linalool

21.40

Literature study (A) Literature study (B)
%
%
50.63
28.06

Linalyl acetate

18.96

15.72

47.56

trans-β-ocimene

7.41

2.73

-

endo-borneol

6.53

0.34

0.85

β-ocimene

6.43

4.25

0.08

geranyl acetate

6.15

-

1.94

β-myrcene

5.88

0.61

0.55

terpinen-4-ol

5.70

7.84

0.56

cis-β-farnesene

4.40

-

-

Literature A was cited in the reference #8 while literature B was cited in the reference #9.
The major abundant components of lavender essential oil were compared with the literatures as
shown in Table 7 above. Most of the components identified in this study were also present in the
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literatures but with different percentage ratio. Further compounds which are available in the
laboratory were characterized by comparison with the retention time of authentic material
purchased. From table 6, the retention time of α-pinene from standard compound is 4.602 minutes
while retention time for lavender essential oil is 4.637 minutes. For p-cymene, the retention time
of standard compound is 5.888 minutes while retention time for lavender essential oil is 5.921
minutes. For β-ocimene, the retention time of standard compound is 6.212 minutes while retention
time for lavender essential oil is 6.223 minutes. For linalyl acetate, the retention time of standard
compound is 9.233 minutes while retention time for lavender essential oil is 9.276 minutes. For
linalool, the retention time of standard compound is 7.000 minutes while retention time for
lavender essential oil is 6.986 minutes. The results of these standard compounds compared to the
compounds of lavender essential oil validate this study.

2. VIOLET ESSENTIAL OIL
The characterization of fragrant chemical composition of violet essential oil was accomplished by
GC-MS, NIST data and comparison of retention time of few standard compounds. For the analysis
of the commercial violet oil led to the identification of 17 compounds. The main components were
α-longipinene (37.35%), diethyl phthalate (17.85%), α-ionone (16.52%), trans-β-ionone
(12.87%), α-terpineol (6.38%), benzyl acetate (5.94%), α-isomethyl ionone (5.00%),
benzylcarbamate (4.00%). Area of diethyl phthalate (DEP) is not included for percentage ratio of
compounds because DEP is used as an additive in essential oil.
Other minor components identified in the oil were phenylethyl alcohol (1.93%), 7-hydroxy-3,7dimethyloctanal (1.90%), musk ambrette (1.57%), linalyl acetate (0.79%), trans-β-terpinylbenzoate (0.78%), isomethyl ionone (0.60%), methyl benzoate (0.38%), linalool (0.17%), benzyl
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alcohol (0.17%). Table 8 shows the major components of violet essential oil with the percentage
ratio in literatures.
Table 8: Violet essential oil major components
Component

This study (%)

Literature study (A) Literature study (B)
%
%
-

α-longipinene

37.35

α-ionone

16.52

-

-

trans-β-ionone

12.87

-

-

α-terpineol

6.38

-

1.26

benzyl acetate

5.94

-

-

α-isomethyl ionone

5.00

-

-

benzylcarbamate

4.00

-

-

Literature A was cited in the reference #10 while literature B was cited in the reference #11
From literature, violet oil was reported to have main constituent to be nonadienal, parmone, hexyl
alcohol, benzyl alcohol, ionone and viola quercetin but the percentage ratio was no shown10. Also,
another literature shows violet oil to have main constituents to be 1-phenylbutanone (22.43%),
linalool (7.33%), benzyl alcohol (5.65%), α-cadinol (4.91%), and globulol (4.32%)11. This study
shows that it contains only benzyl alcohol, and α-ionone when compared to both literatures. From
table 6, the retention time of benzyl alcohol of the standard solution is 6.061 minutes while for the
retention time of violet essential oil is 6.816 minutes. For linalyl acetate, the retention time of
standard compound is 9.233 minutes while retention time for violet essential oil is 9.244 minutes.
For diethyl phthalate, the retention time of standard compound is 13.678 minutes while retention
time for violet essential oil is 13.722 minutes. The results of these standard compounds compared
to the compounds of violet essential oil validate the identification of the components.
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3. BERGAMOT ESSENTIAL OIL
The characterization of fragrant chemical composition of bergamot essential oil was accomplished
by GC-MS, NIST data and comparison of retention time of few standard compounds. For the
analysis of commercial violet essential oil, 11 compounds were identified. The main components
were d-limonene (36.03%) triacetin (28.09%), linalyl acetate (14.38%), linalool (7.36%), α-pinene
(7.17%), β-pinene (5.16%).
Other minor components identified in the bergamot essential oil were β-myrcene (1.40%), αterpineol (0.14%), trans-P-metha-2, 8-dienol (0.11%), limonene oxide, cis- (0.09%), and translinalool oxide (furanoid) (0.05%). Table 10 shows the major components of bergamot essential oil
with the percentage ratio found in literatures.
Table 9: Bergamot essential oil major components
Component
This study (%)
Literature study (A) Literature study (B)
%
%
d-limonene
36.03
38.5
42.69
triacetin

28.09

-

-

Linalyl acetate

14.38

29.6

25.39

linalool

7.36

11.8

9.51

α-pinene

7.17

1.0

0.48

β-pinene

5.16

7.1

4.38

Literature A was cited in the reference #12 while literature B was cited in the reference #13
From literature as shown in table 9, bergamot oil is shown to have d-limonene to be 38.5% for
literature A and d-limonene to be 42.69% for literature B, while this study shows linalyl acetate to
be 14.36%. For linalyl acetate with percentage ratio of 29.6% for literature A and linalyl acetate
with percentage ratio of 42.69% for literature B while this study shows linalyl acetate to be
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14.36%. For linalool with percentage ratio of 11.8% for literature A and linalool with percentage
ratio of 9.51% for literature B while this study shows linalool to be 7.36%. For α-pinene with
percentage ratio of 1.0% for literature A and α-pinene with percentage ratio of 0.48% for literature
B while this study shows α-pinene to be 7.17%. For β-pinene with percentage ratio of 7.1% for
literature A and β-pinene with percentage ratio of 4.38% for literature B while this study shows βpinene to be 5.16%. Comparing this study with the literature shows that this study contains the
major components, but the percentage ratios are not the same. From table 6, the retention time of
α-pinene from standard compound is 4.602 minutes while retention time for bergamot essential oil
is 4.637 minutes. For limonene, the retention time of standard compound is 5.984 minutes while
retention time of d-limonene for bergamot essential oil is 6.007 minutes. For linalool, the retention
time of standard compound is 7.000 minutes while retention time for bergamot essential oil is
6.881 minutes. For linalyl acetate, the retention time of standard compound is 9.233 minutes while
retention time for bergamot essential oil is 9.233 minutes. The results of these standard compounds
compared to the compounds of bergamot essential oil validate this study.
V. CONCLUSION
Components of three (3) essential oils of lavender oil, violet oil, and bergamot oil were separated
by GC, analyzed and identified by MS detector, and NIST library, and by comparison of retention
time of retention time of the peaks with the retention time of peaks of the standard compounds. By
comparison of this study for the three essential oils with the literatures shows that this study
contains most of the components but with different percentage ratio. The retention time of the
available standard compounds compared with this study indicate the presence of the identified
components. It can be concluded that the retention time of the major compounds identified in this
study with the retention time of the standard compounds validate this study. The results obtained
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in this study were compared with the data in the literature. This study shows that these essential
oils of lavender and bergamot contain most of the major components, but with different percentage
ratio. The components of violet essential oil are different from the literature.
VI. Future Study
Only a few standard compounds were available in the laboratory. The identity of all components
of the essential oils of lavender, violet, and bergamot will be further confirmed by comparing
retention times in GC with all the standard compounds. The components with low probability in
the NIST data will be further evaluated for their identities.
VII. REFERENCES
1. Waseem et al. Gas chromatography mass spectrometry (GCMS) analysis of essential oil of
medicinal plants, 2016.
2. Younis et al. Extraction and identification of chemical constituents of the essential oil of
Rosa Species. Acta Hort., 2008, 766: 485-492.
3. Rios J.-L. Essential oils: what they are and how the terms are used and defined A2, pp. 3-10.
- In: PREEDY V.R. (ed.) Essential oils in food preservation, flavor and safety. - Academic
Press, San Diego, CA, USA, 2016, pp. 930
4. 4. Ester R. Chamorro et al. Study of the Chemical Composition of Essential Oils by Gas
Chromatography, 2012.
https://www.researchgate.net/publication/221926513_Study_of_the_Chemical_Compositio
n_of_Essential_Oils_by_Gas_Chromatography
5. Journal of agricultural and food chemistry, Contamination of Italian Citrus Essential Oils:
Presence of Phthalate Esters. 1999, 47, 3, 1009-1012.

32

6. Nathalie et al. Quantitative Analysis of lavender (Lavandula angustifolia) Essential oil
using multiblock data from infrared Spectroscopy. American Journal of Analytical
Chemistry. 2014, 5, 633-645.
7. Şeyda Kıvrak. Essential oil composition and antioxidant activities of eight cultivars of
Lavender and Lavandin from western Anatolia, 2018.
https://doi.org/10.1016/j.indcrop.2018.02.089
8. Paschalina et al. Contribution of the analysis of volatile constituent, from same lavender
and lavandin cultivars grown in Greece. 2003, pp 229-234.
9. Rams et al. Essential composition of lavendula angustifolia mill. Cultivated in the mid hills
of Uttarakhand, India. 2010, pp 342 and 348.
10. http://www.ivyroses.com/Define/Violet _Essential-Oil
11. Hammam at al. Biocontrol of, botrytis cinereal with essential oil and methanol extract of
viola odorata L. Flower. 2011, Res. 3(5): 41-51.
12. https://www.planttherapy.com/test_reports/Bergamot%20B30102.pdf
13. Bouzouita et al. Chemical composition of bergamot (Citrus Bergamia Risso) essential oil
obtained by hydrodistillation. 2010, vol 4.
14. Felice Senatore., Processing, analysis and application of essential oils, Dehradun: Har
Krishan Bhalla & sons, 2005, p.59.
https://vdocuments.net/analysis-of-the-essential-oil-of-the-roots-and-leaves-of2pdfleaves-of-the.html
15. Rakesh Kumar and Y.C. Tripathi, Getting Fragrance from plants, Training Manual on
Extraction Technology of Natural Dyes & Aroma Therapy and Cultivation Value Addition
of Medicinal Plants, Chemistry Division, Forest Research Institute, November 2017.

33

https://www.researchgate.net/publication/272480267_Getting_Fragrance_from_Plants
16. R. Shellie et al. Characterization of lavender essential oils by using gas chromatography–

mass spectrometry with correlation of linear retention indices and comparison with
comprehensive two-dimensional gas chromatography, journal of Chromatography A, 970
(2002) 225–234.
https://www.ncbi.nlm.nih.gov/pubmed/12350096

17. H. Baydar, S. Kineci. Scent Composition of Essential Oil, Concrete, Absolute and
Hydrosol from Lavandin (Lavandula x intermedia Emeric ex Loisel.), J. Essent. Oil. Bear
Plants, 2009, Vol. 12 (2), p.p. 131-136

34

